Summary Several studies of breast tumour histology and oestrogen receptor (ER) contents report an inverse correlation between the density of the stromal lymphoid cell infiltrate and the presence or concentration of ER. Using monoclonal antibodies to lymphoid cell surface markers we have examined the immunophenotype of the infiltrating lymphoid cells and related this to the tumour ER content. There is a significant inverse correlation between the presence of Leu7-positive cells, which includes a subpopulation of natural killer (NK) cells, and tumour ER content; this is possibly superimposed on the dilutional effect of macrophages and other infiltrating cells.
Human breast carcinomas are commonly infiltrated by lymphoid cells. Densely infiltrated tumours are more likely to be oestrogen receptor (ER) negative (Underwood, 1983) and poorly differentiated (Champion et al., 1972) . Paradoxically, although poorly differentiated and ER-negative tumours usually have a less favourable prognosis (Clark & McGuire, 1983) , dense infiltrates are reported to be associated with a more favourable prognosis (Underwood, 1974) .
The inverse correlation between dense infiltrates and ER concentrations may be due simply to a dilutional effect; macrophages have been particularly implicated (Steele et al., 1986) . We have immunophenotyped the infiltrating lymphocytes and related cells and correlated this with ER concentrations in a series of breast carcinomas to determine if, superimposed on the dilutional effect of dense infiltrates, there is a specific relationship between infiltration by a particular subset of lymphoid cells and diminished ER concentrations. Using a monoclonal antibody to ER, we have also made observations on the ER status of breast carcinoma cells in the vicinity of and remote from areas of dense lymphocytic infiltration.
Correlative studies of tumour function and histological features -in this instance, ER status and cellular infiltration -are ideally performed on adjacent or near adjacent sections. Only in this way can errors or discrepancies due to tumour heterogeneity be minimised, thus revealing correlations which are probably more significant than those found in studies in which the separate investigations are performed on tissue samples of undefined and dissimilar cellular composition.
Materials and methods
Tumours studied Fresh tissue blocks were taken from a series of surgically resected invasive ductal adenocarcinomas of the breast and stored at -70°C. ER concentration was measured by radioligand-binding assay and detected immunohistologically (see below). From these samples, 18 tumours were selected for analysis of the immunophenotype of the infiltrating lymphoid cells; routine light microscopy had revealed a range of lymphoid infiltration within these lesions. To minimise possible discrepancies attributable to tumour heterogeneity and sampling variability, the ER assays and immunohistology were done on cryostat sections cut adjacently from the same face of each tissue block.
Immunophenotyping of infiltrating cells
Cryostat sections were cut at 4-6 gm, mounted on poly-llysine coated glass slides, and stained in an indirect immunoCorrespondence: J.C.E. Underwood. Received 9 April 1987; and in revised form, 29 July 1987. peroxidase procedure with the following monoclonal antibodies: Leu4, T-cells (CD3); Leu3a, T-helper/inducer (CD4); Leu2a, T-suppressor/cytotoxic (CD8); Leu7, subset of NK cells and Ts/c (Becton Dickinson); Bi, B-lymphocytes, and 12, HLA Class II (DR) (Coulter Diagnostics).
The immunostaining was assessed without knowledge of the ER assay results. The density of stained cells in each section was graded -(negative), + (scant), + + (moderate), or + + + (dense). Because Leu7 cells were rare in most tumours, they were counted in 25 consecutive high-power fields. Those with < 10 cells/25 high-power fields were recorded as -; a greater density was recorded as +.
Sections known to contain cells of each type were included as positive controls. An inappropriate primary antibody was used as a negative control.
ER assays ER assays were performed using 40pm cryostat sections and radioligand binding as described previously (Underwood et al., 1983) . Isoelectric focusing was used to separate receptorbound 3H-oestradiol from that which was free or nonspecifically bound. ER concentrations > 10 fmol mg1 protein were regarded as positive.
ER immunohistology Cryostat sections were cut at 4-6pm and stained using an immunoperoxidase procedure as described elsewhere (Giri et al., 1987 ) with a monoclonal antibody (Abbott Laboratories Ltd.) to the hormone-binding unit of ER (Greene et al., 1980) .
Statistical analysis
The two-tailed exact probability test was used for the statistical analyses.
Results
Immunophenotype of infiltrating lymphoid cells There was considerable variability in the density of infiltrating lymphoid cells.
The largest population of cells was T-lymphocytes, predominantly of Th/i (CD4) subtype. Ts/c (CD8) cells were fewer than Th/i cells except in tumour number 2 (Table I) .
B-lymphocytes were never present in large numbers and in 9 tumours none were found. Although cellular and regional heterogeneity of ER immunostaining was not uncommon, there was no apparent spatial relationship between ER negative cells or tumour regions and the foci of lymphoid cell infiltration. Indeed, ER-positive cells were commonly found immediately adjacent to dense lymphoid cell infiltrates (Figure 1 ).
Discussion
The results of this investigation reveal that, in breast carcinomas infiltrated by lymphoid cells, negative ER status is more likely to be associated with infiltration by Leu7-positive cells than with infiltration by any other immunophenotypically distinguishable cell type. Leu7-positive cells include those that exhibit natural killer (NK) function as well as a proportion of T-suppressor/cytotoxic cells (Lainer et al., 1983) . The majority of NK cells bear HNK 1 antigen (Leul9); for greater specificity, a further study employing this marker may be appropriate.
The inverse correlation between Leu7-positive cells and ER positivity is unlikely to be due to a dilutional effect (i.e. cytosol from the presumptive ER-negative infiltrating cells diluting the possibly ER-positive tumour cell cytosol) because the maximal Leu7-positive cell infiltration was sparse relative to that of other lymphoid cells. Dilution may, however, explain the observed significant inverse correlation between ER status and macrophage infiltration (Steele et al., 1986) ; macrophages may constitute 20-60% of the total cell population in breast cancers (Steele et al., 1985) . Any association between ER negativity and Leu7-positive cell infiltration is therefore probably superimposed on this dilutional effect of macrophages and other infiltrating cells.
There is no known function of NK cells or any other constituent of the Leu7-positive population which would directly explain our findings (Herberman, 1982; Reynolds & Ortaldo, 1987 
